
MERCURIC IODIDE ROOM TEMPERATURE GAMMA-RAY DETECTORS"

Bradley E. Patt, .le.ffrey M Markakis, and Vernon M. Gerrish
EG&G Energy Measurements Inc.

130 Robin Hill Rd., Goteta, CA 93117

EGG--10617-2051

Robert, C. Haymes DE90 008751
National Aeronautics & Space Administration (NASA)

Astrophysics Div, Code EZ, 600 Independence Ave, SW Washington, DE; 60546

and

Jacob I. Trombka
National Aeronautics & Space Administration (NASA)

Goddard Space Right Center, Code 682, Greenbelt, MD 20852

ABSTRACT

High resolution mercuric kx:lid_ room temperature gamma-ray detectors have excellent potent_ as an
essential component of space instruments to be used for high energy astrophysics. Mercuric Iodide
detectors are being developed both as photodetectors i_,ed in combination with scintUlatlon cnjslals to
detectgamma-rays,and asdirectgamma-raydetectors. Thesedetectorsare highly radiationdamage
resistant.ThelistofapplicationsIncludesgamma-rayburstdetection,gamma-raylineastronomy,solarflare
studies,andelementalanalysi3.

A. MERCURIC IODIDE PHOTODETECTORS 1

Mercuric iodide (Hgi2)has been developed to a considerable extent, though not
perfected, as a photodetector (PD)used in combination witha scintillation crystalto detect
gamma-rays. Because of its large bandgap the material offers room temperature
operation with superior electronic signal-to-noise ratio when compared to other
semiconductor PDs. In addition, Hgl_ PDs offer significant advantages over the
conventionally used photomultiplier tube (PM'r). Hgl2 PDs coupled to CsI(TI) scintiliation
crystals have yielded energy resolution superior to any other scintillator/photodetector
combination.

The characteristics of Hgl; photocells are as follows:

1. Size.

There is a significant overall instrument size reduction afforded by substituting
PMTs with Hgl_ PDs. PMTs are inherently large because of the electron optics and the
required interdynode spacing. The volume for a ! inch diameter active area Hgl2 PD is
about one twentieth of the volume of a typical PMT with the identical active area. In
instruments that might employ many detectors in arrays such as the flies eye array for
directional detection, this advantage is multiplied by the number of detectors employed.
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Feasibilityfor deploying large arraysof multipledetectorswill be enhanced due to these
sizeand weight advantages.

,,. Active area.

Singlecrystal photocellswith activeareas rangingfrom 0.125 inches to 1.5inches
in diameterhave been developedand tested. The detector activearea is limited only by
the size of currently availablecrystals. Larger activeareas can be achieved by using a
mosaic of Hgl2 crystals. The technique for fabricating crystal mosaics is i;1 the
development stage. Hgl_PDscan be fabricated in shapes other than the conventional
circular geometry to more fully cover the optical interface. A mosaic of approximately
three elements will cover an 8 cm diameter scintillator such as the one used in the
detector for the KONUSexperiments2.

3. Quantumefficiency.

The quantumefficiency (QE)of Hgl, PDs isnearly unity in the visible range of the
electromagnetic spectrum. PMTson the other hand have QE's lower than 15% in this
part of the spectrum. Because of this the Hgl2 PD is able to collect more of the
scintillation light, and it will thereforehave better photon statistics. Above 200 KeV, this
results in superior energyresolutionfor the Hgl2PDbased spectrometer versus the PMT
based spectrometer. Below200KeVhowever,the QE advantageis compromised by the
dominant electronic noise in the preamplifier. This is an area that we are working to
improve.

4. DetectorPerformance.

The spectral performanceof the Hgl2PDbased spectrometer is outstanding: A 1
inch diameterHgl2PDcoupledto a 1inch diameterby 1inch thick Csl('l'l) scintillatorgave
a 137Cs resolution of 5.0% FWHM,and a 1.5 inch diameter PD coupled to a 1.5 inch
diameterby 4 inch thick Csl('l']) scintillatorgave a resolution of 5.7%FWHM for the same
s_'urceenergy. For comparison,note that the best137Cs resolution ever obtained using
a PMT based spectrometer was 5.6%FWHM.

5. Detector speed.

Detector risetimes are typically about 1 microsecond. A shaping amplifier time
constant of at least four times that valueis requiredto optimizeelectronicsignal-to-noise.
Formost detectorsshapingtimeconstantsof between10and 30 microseconds are used.
This setsthe limit on the count ratecapabilityinanoptimizedHgl_PDbased spectrometer
to about 30 Kcps. This timing scenarioalso sets limits on the event time discrimination
that can be used in gamma-rayburst direction determination.
Gamma-ray burst risetimes have been reported to be in the range 10-1000 ms, with
durations in the range of a few tens of millisecondsto several hundreds of seconds.

6. Detector lifetime.

SomeearlierPDsexhibitedlifetimesof up to 1.5years. Ufetimesareexpected that
far surpass this figure for more recently developed samples with improved entrance
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electrodr,s and that employ an encapsulating layer.

7. Power supply requirements.

Operating currents range from 30 pA to 1 nA for a bias of 500 volts. The 1_3
stabilityof the power supply is not criticai, and variationsof up to _+10%can be tolerated
without affecting the PD gain. This is a significant advantage over PMTs whcse DC
precision is critical, as the PMTgain is highly sensitive to any variation in the DC level.
The complexityof the power supply design for scintillationspectrometer instrumentation
can therefore be significantlyreducedwh3n Hgl_PDs replace PMTs.

8. Areasof current research.

Emphasis is placed on areas which will improve important aspects of detector
performance. These areas are electronic signal-to-noise for improvement in spectral
response at the low energy end of the spectrum, techniques for increasing the detector
active area in order to improve sensitivity,studies of new materials suitableas entrance
electrod._sthat produce good performance increased longevity PDs.

B. VOLUMETRICDETECTORSFOR DIRECT DETECTIONOF GAMMA-RAYS

MercuricIodide is of interestasa solid-stategamma-rayspectrometerbecauseof
its large bandgapand highatomicnumber. Theseproperties allow for room temperature
operation and afford high gamma-raycross sectionrespectively. In addition, the material
exhibitsa muchhigher resistanceto radiationdamage thansemiconductordetectorssuch
as HpGe. Radiationdamageexperimentswith Hgl2detectors exposedto 1.4GeVprotons
at an accumulated dose of 10_ protons/c_ (equivalentto one year in space) showed
no degradation in spectral response.

The characteristicsof Hgl2gamma-raydetectors are as follows:

1. Size, efficiency, and spectroscopyconsiderations.

In Hgl_,photoelectric absorptiondominates other interaction processes to about
400 keY. At I_igher energies (up to several MeV) Compton scattering dominates.
Detectorsof thicknessesfrom 1.0to 10.0mm are used for increased detection efficiency
and to minimize Compton escape events at high energies. For detectors of 2 to 4 mm
thickness energy resolutior,sin the range 3% to 10%FWHM with peak to valley ratios of
about 4.0 for the _3,Cs 662 keV photopeak are routinely obtained. In thicker detectors
incomplete charge collection (hole trapping) limits the energy resolution. Gamma-ray
counters of about 1 cm thickness have resolution limitedto > 10%.

The mean free path for gamma-rays in the 400 keY to 10 MeV region in Hgl2is
between 1 and 4 cm, so that the intrinsicdetection efficienciesare between 33% to 5%.
At 662 keV the linear attenuationcoefficient in Hgl2is about 0.58 crn4. This means that
about 13%of the 662 keV gamma-raysare beingstopped in a gamma-raydetector with
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typical thickness of 2.5 mm. Wheremore efficiencyis required, it is necessary to go to
thicker detectors at the expenseof energyresolution.

In nrder tO r rp .m..,,_nf thi s tr._,4-. ,,_ _,,*,.,,,,,,, energy ..... "--..................... .,,_,.,,.,.,,, ,.,,,,,,,_,_,, ,_u,uuu,_ and efficiency
various schemes have been adoptea. An approach being developed is to stack thinner

detectors verticallyand horizontallyto retainoptimalchargecollection and simultaneous_
fulfill the volume requirementfor high efficiency, in addition, pulse processing methods
which compensate for the incomplete hole collection have demonstrated significant
improvements in energy resolutionfor dete_or,."of 1 to 5 mm thlckness.

2. Detector lifetime.

Recentadvances inmaterialprocessingat EG&Ghaveallowedyieldsof30%to be
achieved in producing good quality Hgl2gamma-.rayspectrometers (3%to 11% FWHM
at ,37Cs) of moderate thickness (2 to 4 ram). In addition, the development of new
encapsulation methods have improved the long-term stability of Hgl2detectors. Most
recently, a set of detectors under constant test for the past six months have shown no
degradation in spectral response.

SUMMAFIY

Mercuric Iodide detectorsmaybe usedingamma-rayspectroscopy either Oirectly
or as a photodetector in combination with scintillation crystals. Mercuric Iodide
photodetectorsoffer the followingadvantagesc,verphotomultipliertubes: reductionin size
and weight, greater response uniformity, higher quantum efficiency, improved spectral
resolution, simplified biasing requirements, low supply currents, and insensitivity to
magnetic fields. Mercuric Iodide semiconductor detectors for direct gamma-ray
spectroscopy offer room temperature operation with good energy resolution and high
efficiency. Both types of Hgl2detectorsare highly resistant to radiation damage.
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